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u 

I istorically, pioneers of the concept of schizo- 
phrenia were more convinced of the evidence for hered- 
itary than environmental causes for the disorder. I n con- 
sidering disease causation, B leuler wrote "Schizophrenia 
appears to be independent of external conditions and cir- 
cumstances" 1 K raepelin also emphasized the importance 
of inheritance, but did consider that "... influences inju- 
rious to the germ might play a certain part in the origin 
of dementia praecox"; in particular he proposed child- 
hood inflammation of the brain, head injury, and the 
emotional consequences of imprisonment as potential 
environmental risk factors. 2 Since the time of K raepelin 
and B leuler, an increasing number of environmental risk 
factors have been proposed and investigated. This has fol- 
lowed the realization that genes are necessary, but not 
generally sufficient, to cause schizophrenia; indeed, con- 
cordance rates in monozygotic twins are far from 100%. 3 
Of course, the investigation of environmental risk cer- 
tainly does not negate the importance of genetics. 
Perhaps the most important modern concept in under- 
standing the etiology of schizophrenia is gene-environ- 
ment interaction. 45 Thus, schizophrenia is an illness in 
which various environmental risk factors act on a com- 
plex set of susceptibility genes 
I n this discussion, we consider environmental risk factors 
that may act through the period from conception to onset 
of illness We divide this preillness risk period into early 
life, childhood, and later life for ease of presentation 
(Table I ).The divisions are somewhat arbitrary and cer- 
tainly several of the risk factors are thought to act at var- 
ious points throughout the period. 

Early life environment 

The discovery of risk factors acting before and shortly after 
birth has been central to the neurodevelopmental hypoth- 
esis of schizophrenia. 6 The hypothesis proposes that envi- 



Genetic factors are clearly important in the etiology of 
schizophrenia, but the environment in which an individ- 
ual'sgenesfind expression isalso crucial to the develop- 
ment of the illness In thisreview of environmental riskfac- 
tors for schizophrenia, we consider risks operating 
prenatally and perinatally, during childhood, and then 
later in lifepriorto illnessonset. Some of these risk factors 
have been well documented, for example, early hazards 
causing fetal growth retardation or hypoxia, and hazards 
nearer the onset of illness like drug abuse and migration. 
Others are much less certain. The importance of interac- 
tion between genetic and environmental risk is, however, 
undoubtedly important and there isemerging evidence 
for this from a range of sources As the etiology of schiz- 
ophrenia is unraveled, the picture becomes more complex, 
but also more obviously relevant to the plight of the indi- 
vidual patient. 
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ronmental risk factors interact with genetic factors during 
this crucial phase in the formation of the nervous system 
causing subtle abnormalities which leave the individual 
vulnerable to psychosis later in life. Indicators of neu- 
rodevelopmental deviance associated with schizophrenia 
include the presence of developmental abnormalities on 
structural brain imaging, an excess of minor physical 
anomalies and neurological signs and behavioral problems 
in childhood. 79 This evidence has been enhanced by the 
recognition of environmental risk factors for schizophre- 
nia that act in early life, long before any signs of illness are 
apparent. These are detailed below and include: obstetric 
complications prenatal and postnatal infection, and other 
factors possibly acting during this crucial period of brain 
development. 

0 bstetric complications 

A Ithough "birth trauma" was first proposed as a causative 
factor for schizophrenia in the 1930s, 10 it took a further 
th ree d ecad es f o r t he f i rst case-co n tro I stu d i es i n ad u I ts to 
emerge. Cannon and coworkers 11 have recently reviewed 
the historical development of research in this area, and 
describe the progression from early-high-risk and case- 
control studies through to the phase of population-based 
studies, which began in the 1990s and continues today. 
There were clearly a number of methodological problems 
associated with the earlier studies and the results were 
often inconsistent. Cannon and her colleagues conducted 
a meta-analysis of the population-based studies, which 
developed in response to concerns about selection and 
information bias in case-control investigations u They iden- 
tified eight studies for inclusion in the analysis and found 
significant associations with schizophrenia for 10 individ- 
ual complications which they then grouped into three cat- 
egories: (i) complications of pregnancy (bleeding, 
preeclampsia, diabetes, rhesus compatibility); (ii) abnor- 
mal fetal growth and development (low birth weight, con- 
genital malformations small head circumference); and (iii) 



complications of delivery (asphyxia, uterine atony, emer- 
gency cesarean section). The effect sizesfound for these 
associations were relatively small (odds ratio [0 R ] <2) and 
it is likely that obstetric complications contribute to the 
causation of schizophrenia only in combination with other 
risk factors, particularly susceptibility genes 
The association between obstetric complications and 
schizophrenia appears stronger in those with an early 
onset of illness. 1213 Since obstetric complications are 
thought to be associated with the neurodevelopmental 
abnormalities proposed to be causative for schizophre- 
nia, their relationship with such characteristics has been 
of interest. Some, but not all, studies have demonstrated 
an association between the presence of structural brain 
abnormalities on imaging and a history of obstetric com- 
plications in samples of subjects with schizophrenia. 1416 
The evidence with regard to the relationship between 
obstetric complications and neurological abnormalities 
and minor physical anomalies is even less clear. 1718 
Furthermore, the biological mechanism underpinning the 
association between obstetric complications and later 
development of schizophrenia is not yet fully established. 
M any have postulated a role for fetal hypoxia. Cannon 
et al 19 found a linear relationship between the number of 
hypoxia-causing obstetric complications and early onset 
of schizophrenia. Presumably, hypoxia interacts with sus- 
ceptibility genes. I n view of the suggestion that most of 
the current candidate genes for schizophrenia operate on 
the glutamate system, 20 it is of interest that Fearon et al 21 
postulate that the effect of obstetric complications might 
be mediated by glutaminergic excitotoxic damage. 
Fearon and other researchers have followed up samples 
of babies subject to early environmental hazards. 22 Thus, 
adolescents and adults who were born very preterm or 
with very low birth weight show many of the same brain 
abnormalities that are found in schizophrenia, such as lat- 
eral ventricular enlargement and decrement in hip- 
pocampal volume; the abnormalities in later life are pre- 
dicted by findings at birth on cranial ultrasound. 23 



Early life Childhood Later life 



• Obstetric complications 


• Adverse child rearing 


• Drug abuse 


• Season of birth 


• Child abuse 


• Migration/ethnicity 


• Prenatal/postnatal infection 


• Head injury 


• Urbanization 


• Maternal malnutrition 




• Social adversity 


• Maternal stress 




• Life events 



Table I. Environmental risk factors that have been proposed for schizophrenia. 
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Season of birth and the role of infection 

Those born during winter or early spring in the northern 
hemisphere are more likely to develop schizophrenia in 
later life than those born at other times of the year. 2425 A 
recent systematic review and meta-analysis of northern 
hemisphere season of birth studies reports a pooled 0 R 
of 1.07 (confidence interval [CI] 1.05-1.08) and population 
attributable risk of 3.3% for the excess of winter/spring 
births 26 M any potential mechanisms for the season of birth 
effect have been postulated, including obstetric complica- 
tions variations in light, temperature, nutrition, and sea- 
sonal genetic effects. 27 E xposure to infectious agents such 
as influenza during pregnancy is the best studied of the 
potential explanations for the association. 28 
G estational infectious agents, particularly viruses such as 
rubella, cytomegalovirus, and herpes simplex, are known 
to be associated with abnormalities in central nervous 
system (CNS) development and consequent neurologi- 
cal disorder among offspring. 29 Thus gestational infection 
is certainly a plausible causal agent for schizophrenia. 30 
A positive relationship has been demonstrated in a num- 
ber of studies between influenza epidemics such as the 
pandemic that occurred in 1957 and development of 
schizophrenia among offspring of mothers pregnant dur- 
ing the period of risk; however, results have not been 
entirely consistent. 3135 Furthermore, use of such an eco- 
logical design as in these population studies is associated 
with a number of limitations. 36 Cohort studies, which 
avoid the problem of the "ecological fallacy," have been 
attempted, but several have failed to find an association 
between maternal influenza and schizophrenia. 3738 
D etermination of exposure relying on self-report coupled 
with the rarity of the outcome may have limited the accu- 
racy of such cohort studies 28 

There have been promising results from animal models 
however. Shi et al found that pregnant mice infected with 
influenza gave birth to offspring who became behaviorally 
abnormal and concluded that the effect was likely to be 
largely due to the maternal immune response. 39 1 n addi- 
tion to influenza, positive associations have been found 
between development of schizophrenia and maternal 
exposure to other infectious agents such as rubella" and 
polio. 41 Stored serum samples taken during pregnancy 
have begun to be exploited by researchers in order to 
more clearly define exposure to infection and associated 
immunological reactionsA surprisingly strong association 
between maternal antibodies to herpes simplex virus type 



2 and later psychosis (O R 5.8; C I 1.7-19.3) was reported 
by investigators involved in the National Collaborative 
Perinatal Project. 42 M ore recently, B rown et al analyzed 
maternal serum from a cohort pregnant during the 1960s 
in California. 43 Risk of schizophrenia in the offspring was 
found to be increased sevenfold for those exposed to 
influenza during the first trimester of pregnancy. 
Postnatal infection may also play a role in the etiology of 
schizophrenia. Childhood viral CNS infection (up to age 
14 years) determined prospectively was found to be asso- 
ciated with adult schizophrenia in the N orthern Finland 
1966 Birth Cohort, although the effect was thought likely 
to be modest at a population level. 44 Similarly, childhood 
meningitis (up to age4years) wasfound to be associated 
with adult psychosis, but not other psychiatric disorders 
in a B razilian sample. 45 Toxoplasma gondii, an intracel- 
lular parasite, has also been considered to be a putative 
etiological agent acting both before and after birth to 
increase risk of psychosis. 46 

Other possible antenatal environmental risk factors 

In utero exposure to noninfectious environmental agents, 
such as maternal stress 47 maternal malnutrition, 48 mater- 
nal diabetes 11 smoking, 49 and rhesus incompatibility, 50 has 
also been considered. 

A number of investigations have examined the relation- 
ship between experience of a stressful event during preg- 
nancy or maternal stress more generally, and later psy- 
chosis R isk of schizophrenia is claimed to be increased 
among offspring of mothers who were exposed to sudden 
widespread disasters while pregnant, such as the German 
invasion of the N etherlands in 1940 51 and a flood in south- 
west H olland in 1953. 52 Paternal death during pregnancy 
was examined as a proxy for maternal stress in a study by 
H uttunen and N iskanen 53 in 1978. They found a sixfold 
increase in risk of schizophrenia among those whose 
fathers had died while they were in utero, compared with 
those subjects who lost their fathers in infancy. N egative 
results have also been published indicating that consider- 
able caution must be exercised in drawing conclusions 
about the role of maternal stress during pregnancy and 
risk of schizophrenia among offspring. 5455 
M uch evidence has accumulated to link early life nutri- 
tional status to adult health, particularly in the area of 
cardiovascular research. 56 It has been argued that the 
same may be true for schizophrenia. 57 1 ncreased mater- 
nal body mass index (BM I ) or childhood BM I and ante- 
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natal exposure to famine have all been found to be asso- 
ciated with an increased risk of schizophrenia. 58 61 Perhaps 
the best evidence linking nutrition to risk of schizophre- 
nia comes from the D utch H unger Winter studies 62 Food 
intake for the D utch population declined dramatically 
following a N azi blockade in the mid-1940s. M embers of 
the birth cohort exposed to this food deprivation during 
first trimester were found to have higher rates of hospi- 
talized schizophrenia. 63 1 n addition, subsequent investi- 
gation has demonstrated that first trimester exposure to 
famine in a subsample from the cohort was associated 
with structural brain abnormalities on magnetic reso- 
nance imaging (M R I ). 64 

Less is understood, however, about the mechanisms 
underlying these nutritional associations and whether, for 
example, micronutrient intake is more important than 
overall caloric consumption. Vitamin D has recently been 
postulated as a relevant nutritional factor, with low lev- 
els of vitamin D being claimed to be linked to risk of psy- 
chosis. 65 I n a Finnish birth cohort, M cG rath et al found 
that vitamin D supplementation during the first year of 
life was protective for adult schizophrenia in males. 66 The 
same research group also investigated the role of vitamin 
D using a sample of stored maternal serum, but did not 
find a convincing link between low maternal levels of vit- 
amin D and subsequent risk for schizophrenia among the 
offspring. 67 1 n addition, 0 zer et al found that psychosis 
and rickets were inherited independently in their study 
of a multigenerational family overloaded with both dis- 
orders. 68 Disordered folate metabolism has been sug- 
gested as a risk factor for later schizophrenia via effects 
on neurodevelopment, but again this has been little 
researched. 69 The role of nutrition in early life on later 
development of psychosis is clearly an area that warrants 
further investigation, but is likely to be limited by the dif- 
ficulties inherent in accurate measurement of nutritional 
status, and the role of confounding factors. 

Childhood environment 

A number of environmental risk factors have been pro- 
posed to act during the intermediate period between the 
prenatal period and life immediately prior to illness 
onset; these include child-rearing experiences, head 
injury, and possibly child abuse.The impact of these fac- 
tors on an understanding of the etiology of schizophre- 
nia has perhaps not been as great as the insights provided 
by the recognition of earlier and later life risks. I n addi- 



tion, it must be recognized that the environment during 
childhood is likely to be interacting with the social, 
behavioral, and cognitive antecedents of psychosis 
known to predate illness in vulnerable children. 7 
The impact of the child-rearing environment has been 
highlighted by results from an Israeli study, 70 which exam- 
ined the role of child rearing by comparing the effects of 
kibbutz versus family upbringing. The investigators con- 
cluded that kibbutz-rearing of high-risk children may 
increase their risk of developing a psychiatric disorder, 
though not necessarily schizophrenia. R isk of later schiz- 
ophrenia has also variously been found to be associated 
with atypical mother-infant interaction, 71 early parental 
loss, 72 and poor mothering. 73 1 n the D unedin longitudinal 
birth cohort study, mothers of offspring later diagnosed 
with schizophreniform disorder were significantly more 
likely to have atypical mother-child interactions com- 
pared to controls (OR 2.65; CI 1.2-5.6) . 71 This was not 
true for mothers of offspring with other psychiatric dis- 
orders such as mania, anxiety, or depression. 
I n those adoptees already at high familial risk of schizo- 
phrenia, the quality of adoptive childhood rearing experi- 
ences has also been found to be important. 74 1 n a national 
Finnish sample, offspring of mothers with schizophrenia 
given up for adoption had, as expected, significantly higher 
proportions of both psychoses and other severe mental ill- 
ness compared with a matched control sample of adoptees 
I nterestingly though, in this sample, the difference between 
high and low genetic propensity was only found among 
those with a disturbed adoptive family environment sug- 
gesting a gene-environment interaction. 
Some tentative evidence is emerging that not only 
adverse child-rearing experiences, but also frank child 
physical or sexual abuse may play a role in increasing 
future risk of psychosis. 75 1 n a recent review, R ead et al 
argue that such evidence complements a diathesis-stress 
model of psychosis and highlights the similarities 
between biological sequelae of childhood abuse and 
those associated with schizophrenia. 75 Others have 
focused on the psychological impact of childhood 
trauma, which may predispose to later psychotic symp- 
toms via changes in cognitive and affective functioning. 76 
C hild abuse is certainly not etiologically specific for psy- 
chosis, 77 but within psychosis what evidence there is 
points toward a particular relationship with positive psy- 
chotic symptoms 78 0 f course, such symptoms are not nec- 
essarily part of schizophrenia and indeed, the association 
has also been found in a general population sample. 79 
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H ead injury has been considered as a possible risk fac- 
tor. M ajor head injury in adulthood has been associated 
with a schizophrenia-like clinical picture, 80 but whether 
the long-term consequences of milder head injury, which 
is common in childhood, include schizophrenia is less 
clear. Some retrospective case-control studies have found 
an association between childhood head injury and later 
schizophrenia, but results have not been consistent. 8182 1 n 
a sample taken from multiply affected families, those 
with schizophrenia were more likely to have a history of 
head injury (0 R 2.35; CI 1.03-5.36) compared with their 
unaffected siblings, again pointing to a gene-environ- 
ment interaction. 83 Clearly, if the association between 
childhood head injury and later psychosis is causal, it will 
only be important in only a small minority of patients. 

Later life environment 

While early life risk factors have lent weight to the neu- 
rodevelopmental model of schizophrenia, environmen- 
tal risk factors acting later in life have more often than 
not encouraged consideration of social and psychologi- 
cal mechanisms of illness causation. F urthermore, later 
life environmental risk factors may be seen not only as 
potential etiological factors but also as both precipitants 
of illness in the vulnerable and modifiers of the course of 
illness once begun. 

D rug abuse and dopamine sensitization 

The first of the later life risk factors to be considered, 
drug abuse, straddles the biological and nonbiological. 
Whether or not drug abuse is a causative factor in the eti- 
ology of schizophrenia has long been debated, and the 
relationship between psychostimulant use and psychotic 
symptoms has been well documented. 84 E arly and larger 
use of metamphetamine was associated with increased 
risk of psychosis in a study conducted in Taiwan. 85 The 
authors also reported that a family history of schizo- 
phrenia and premorbid schizoid and schizotypal charac- 
teristics appeared to increase vulnerability to the psy- 
chosis-inducing effects of stimulant use. 
There has recently been particular interest in the idea that 
cannabis misuse can be a contributing cause for schizo- 
phrenia. Certainly, cannabis intoxication is known to pre- 
cipitate acute psychotic episodes and to worsen symptoms 
of existing psychotic illness, 86 88 but controversy has sur- 
rounded the notion that cannabis misuse could result in 



a prolonged schizophrenic illness Andreasson et al 89 
prospectively followed up a cohort of Swedish conscripts 
who had been interviewed about their cannabis use at age 
18 to 20 years and found an elevated relative risk (R R ) for 
schizophrenia amongst users compared to nonusers 
( R R =2.4) . I n 2002, Z ammit et al reanalyzed and extended 
the data, 90 and found that the association between self- 
reported cannabis misuse and later risk of schizophrenia 
persisted after adjustment for other drug use and person- 
ality factors A Iso in 2002,Arseneaultetal presented their 
findings from Dunedin on a prospective association 
between adolescent cannabis use and later psychosis. 11 
Those using cannabis by the age of 15 years later showed 
more schizophrenia symptoms than controls and were 
four times more likely to be diagnosed with schizophreni- 
form disorder, even after psychotic symptoms at age 11 
were controlled for (although the latter finding was 
reduced below significance after adjustment). 
I n addition to these two studies, there have now been 
another three large-scale longitudinal investigations in 
Israel, 91 New Zealand, 92 and the Netherlands 93 all demon- 
strating a link between cannabis use and later psychosis. 
Two recent reviews have drawn together the evidence 
from these longitudinal studies. 9495 Both conclude that the 
current evidence has implications for public health mes- 
sages targeted particularly at vulnerable young people. 
A rseneault et al 94 calculate that, while on an individual 
level cannabis use is associated with a twofold increase 
in R R for schizophrenia, elimination of such use on a 
population level would reduce the incidence of schizo- 
phrenia by approximately 8% . R ecent evidence from a 
D utch first-onset study also indicates that cannabis use 
can precipitate an earlier onset of illness and, in fact, they 
found such use to be a stronger determinant of early 
onset than gender. 96 M ale cannabis users were a mean of 
6.9 years younger at illness onset than male nonusers. 
Thus, there now appears to be increasing evidence that 
cannabis can trigger the onset of schizophrenia, at least 
in those who are already predisposed to develop the dis- 
order. Whether cannabis misuse can trigger such illness 
onset in those not previously vulnerable is still con- 
tentious. 

D opamine dysregulation has long been thought central to 
generation of psychotic symptoms. Evidence for the 
hypothesis originally derived from the observation that 
antipsychotics block dopamine receptors while agonists 
elicit positive symptomatology. M ore recently, the devel- 
opment of psychosis has been postulated to depend on 
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dopamine sensitization. 9798 Sensitization is the process by 
which repeated intermittent stimulation (eg, by dopamine 
agonists or indirectly via interaction of other neurotrans- 
mitters) produces a progressive and eventually lasting 
response rather than tolerance. 99 Such sensitization may 
explain why repeated exposure to drugs of abuse can pre- 
cipitate psychosis in those predisposed. 9798 Thus, with 
repeated cocaine use, psychotic symptoms have been 
shown to be elicited by progressively smaller doses of the 
stimulant in studies of cocaine-dependent individuals™ 
A similar sensitization process could also underlie the 
precipitation of psychosis in response to repeated expo- 
sure to social adversity, as animal studies have shown that 
stress can lead to dopamine release. Kapur has devised a 
model where dopamine sensitization links biological, 
pharmacological, and phenomenological concepts of 
schizophrenia. 97 H e has come to regard psychosis as a 
state of aberrant salience fuelled by dopamine dysregu- 
lation. Sensitization of mesolimbic dopamine pathways, 
in particular, appears to result in neutral events and stim- 
uli gaining delusional significance for the individual by a 
process in which excessive release of dopamine results in 
the abnormal attribution of salience to inconsequential 
stimuli. 101 

M igration and risk associated with ethnicity 

The association between migration and schizophrenia 
has been known for 70 years, and recently Selten and 
Cantor-G raae have carried out a meta-analysis showing 
that risk of schizophrenia is significantly increased among 
immigrants compared to native inhabitants, depending 
on contextual factors that vary between ethnic groups. 102 
I n particular, there has been great concern about the high 
rates of psychosis amongst African-Caribbean immi- 
grants to the U K and their first- and second-generation 
offspring. 103 106 Overcoming a number of methodological 
problems highlighted in earlier incidence studies, 
Harrison et al found that UK subjects born in the 
Caribbean or who had at least one parent born in the 
Caribbean, had greatly elevated risks (incidence ratios 
above 7) for all psychotic disorders including schizo- 
phrenia. 107 The phenomenon of excess psychosis is not 
limited only to A frican-Caribbean populations in the 
U K ; other migrant groups have also been found to have 
elevated rates of psychosis. Children born in Greenland 
to D anish mothers have been found to have R R =3.71 for 
schizophrenia for example. 108 In the Swedish city of 



M almo, immigrants particularly from E ast-A frica were 
found to be at increased risk for first-onset schizophre- 
nia-like psychosis compared with native-born controls 109 
The impact of ethnicity and migration on rates of psy- 
chosis has further fuelled the debate about the role of 
social and psychological factors in the etiology of schizo- 
phrenia. Sharpley et al have reviewed the current under- 
standing of the role of ethnicity in increasing risk of psy- 
chosis 110 They and others 111 conclude that biological models 
cannot wholly explain the excess of psychosis observed 
among A frican-Caribbean groups in the U K and that fac- 
tors such as social adversity and psychological theories 
related to abnormal attributional style may need to be 
considered. The interaction between ethnicity and the 
degree of density of the minority in the local neighbor- 
hood, for example, has been examined in South London. 112 
The risk of schizophrenia appears to be particularly 
increased among ethnic groups when they comprise a 
smaller proportion of the local population. I n order to fur- 
ther investigate the role of social factors M allett et al con- 
ducted a first-onset matched case-control study in London 
between 1991 and 1993. 113 Threesocioenvironmental vari- 
ables separated African-Caribbean cases from both their 
peers and normal controls: unemployment, living alone, 
and a long period of separation from their parents in child- 
hood. Eaton and H arrison reviewed 17 population-based 
studies from the U K and the N etherlands and found that 
the studies consistently reported higher incidence ratesfor 
immigrant groups whose position in society could be 
described as disadvantaged, with the relative incidence 
varying from 1.7 to 13.2. 114 

U rbanicity 

A n increased prevalence of psychosis in urban compared 
to rural settings is one of the most consistent findings in 
schizophrenia research. 115 Prospective incidence studies 
are more suited to examining urbanicity as a risk factor 
for schizophrenia since prevalence studies are limited by 
migration to urban areas after illness onset. A number of 
such prospective studies have demonstrated an associa- 
tion between urbanicity at birth or during childhood and 
later development of psychosis 108116 1 n a recent follow-up 
study of the entire Swedish population, those living in the 
most densely populated areas had 68% to 77% more risk 
of developing psychosis (12% -20% for depression) than 
the control group living in the least densely populated 
areas 117 0 n the basis of a similar population-based regis- 
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ter study in D enmark, the proportion of schizophrenia 
risk attributable to urbanicity was estimated to be as high 
as 35% . 10S U sing the same D anish registers Pedersen et 
al recently reported a dose-response relationship 
between duration of urban exposure during upbringing, 
rather than at birth, and risk of schizophrenia— evidence 
that enhances notions of causality. 118 They also found that 
the R R of schizophrenia increased with changing resi- 
dence to a relatively more urban area during childhood 
and adolescence. M ortensen has reviewed the role of 
urbanicity and suggested a number of intermediate risk 
factors to explain the association, including toxic expo- 
sures, infection, social class, and overcrowding. 119 
There have been concerns about the conceptual valid- 
ity of urbanicity, the mechanism of causation, and the 
problem of residual confounding. Van Oshas reviewed 
such concerns and argues that the exposure acts between 
birth and illness onset, is associated with "at-risk mental 
states" as well as psychotic disorder, and is likely to 
reflect social environmental factors such as isolation and 
poor cohesion. 120 This appears to sit well with the current 
understanding of ethnic differences in rates of psychosis 
described above.The finding of Pedersen et al, regarding 
increased risk following moving residence to a more 
urban area during childhood or adolescence, may again 
support notions of the importance of social isolation. 118 

Social adversity and life events 

M any have considered the role of social isolation and 
social disadvantage in increasing risk of psychosis.The 
mechanisms explaining associations between social fac- 
tors and psychosis are likely to be complex, in a similar 
way to those mediating the roles of ethnicity and urban- 
icity. Factors such as access to health care, social support, 
self esteem, unemployment, and poor physical health will 
play a role. 110 The interaction between perceptions of dis- 
advantage and more direct effects of adversity are also 
difficult to disentangle. L ow social class, a complex con- 
cept in itself, has been consistently found to be associated 
with schizophrenia, but the roles of social causation ver- 
sus social drift have often been difficult to separate. 
Studies examining social class at birth, employed as a 
proxy for assessing social causation, have not been con- 
sistent in their findings. 121122 Byrne et al have recently 
looked at the role of personal and parental social class in 
relation to first admission for schizophrenia using data 
from the Danish national registers. 123 Risk of schizo- 



phrenia was associated with unemployment, low educa- 
tional attainment, being single, lower wealth status, low 
income, and being childless. R isk was also found to be 
associated with parental unemployment and parental 
lower income, but higher parental education. The authors 
concluded that personal rather than parental socioeco- 
nomic disadvantage had the greatest impact on onset of 
schizophrenia. 

Van 0 s et al found that single people were more likely to 
develop psychosis if they lived in areas with fewer single 
people compared to those where being single was appar- 
ently more common. 124 A s noted earlier, ethnic "minority 
status" has been found to increase risk of psychosis 112 and 
the importance of social adversity has also been raised 
during discussions regarding the impact of both ethnic- 
ity and urbanicity on rates of psychosis. U nderstanding 
the nature of social adversity more precisely is clearly an 
area that warrants further investigation. 
Finally, the occurrence of life events has been found to 
be associated with the onset and later with relapses in 
psychotic illnesses. 125 127 Initial and early psychotic 
episodes are more likely than later episodes to be pre- 
ceded by life events. 128 A ffective symptoms, particularly 
depression, and completed suicide may be precipitated 
by life events in those with a psychotic illness. 129 130 The 
effect of personality- or illness-related factors in predis- 
posing to the life events themselves is difficult to remove 
in these analyses. 

Conclusions 

I n recent years we have made substantial progress in rec- 
ognizing the significance of environmental risk factors in 
the causation of schizophrenia. We can now confidently 
discount Bleuler's assertion that schizophrenia occurs 
independently of external factors. The environment is 
important throughout the life course.The discovery of 
prenatal and perinatal risk factors was an important spur 
to the evolution of the neurodevelopmental hypothesis, 
but more recently the role of environmental factors 
nearer to the onset of frank psychosis has attracted much 
interest, and the role of factors operating in the interme- 
diate childhood period has also begun to be examined. 
Increasing emphasis has been placed on interaction 
between genetic and environmental factors. Finally, the 
elucidation of environmental factors provides us with an 
opportunity to consider schizophrenia as a potentially 
preventable disorder. 
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Genetic vulnerability 

Identified genes, such asneuregulin 1, 
dysbindin, and possibly COMT 



• Prenatal environment: 

Obstetric complications 
Viral exposure 

Maternal stress and malnutrition 

• Childhood environment: 

Child-rearing 
Child abuse 
Head injury 

• Later life environment: 

Drug abuse 

Migration/ethnicity 

Urbanicity 

Social adversity/life events 



t 



Vulnerability for psychosis evident in markers 
of neurodevelopmental abnormality 



• Childhood antecedents evident as a result of 
vulnerability interact with environment 



• Interacts w ith maturational brain changes 
during adolescence 



Onset of schizophrenia 



Figure 1. Interactions between genetic vulnerability, environmental insults, and the increasingly vulnerable individual. COMT, catecholamine 
O-methyltransferase. 



A Ithough environmental risk factors are now seen to oper- 
ate throughout the life course, they are unlikely to do so 
in an unrelated manner (Figure l).The emerging picture 
is of cumulative environmental (and genetic) risks impact- 
ing on the increasingly vulnerable individual in a highly 
complex manner. I ndividual risks factors are likely to be 
correlated with each other and may share causal pathways 
Caution and rigor must continue to be exercised with 
regard to assessment of the validity of findings regarding 
proposed environmental risk factors as some may prove 



spurious I n early life, for example, risk associated with pre- 
natal exposure to infection and obstetric complications is 
more clearly delineated than that for maternal stress. I n 
later life, the nature of exposures and interrelationships 
among ethnicity, urbanicity, and social adversity are not yet 
well understood, while the impact of drug misuse has 
recently become more certain. The challenge is now fur- 
ther improve the precision with which environmental risks 
are measured, and to understand the mechanisms of their 
action and interrelationships □ 
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